Objective To investigate the risks of the sudden infant death syndrome and factors that may contribute to unsafe sleeping environments. Design Three year, population based case-control study. Parental interviews were conducted for each sudden infant death and for four controls matched for age, locality, and time of sleep. Setting Five regions in England with a total population of over 17 million people.
Introduction
In most non-westernised cultures the mother commonly shares a bed with her infant. 1 Postulated physiological benefits of close contact between infants and care givers include improved cardiorespiratory stability and oxygenation, fewer episodes of crying, better thermoregulation, an increased prevalence and duration of breast feeding, and enhanced milk production. 2 3 Before the reduction in the rate of the sudden infant death syndrome there was conflicting evidence on the effect of bed sharing. [4] [5] [6] Early observational studies suggested parental alcohol consumption, drug ingestion, obesity, and fatigue to support the concept that parents may lie on an infant who shares the bed with them. [7] [8] [9] Data from New Zealand implicated bed sharing as a risk factor for sudden infant death. 10 The importance of socioeconomic deprivation and bed sharing has been highlighted in New Zealand among the Maori population, 11 which has high rates of smoking and alcohol consumption, and in the United States among poor black populations. 12 In certain Asian cultures, however, where particular forms of mother-infant cosleeping are common such as in Japan 13 and Hong Kong, 14 the rates of cot death are low, corresponding to findings in the Bangladeshi 15 and Asian 16 communities in the United Kingdom and the Pacific Island communities in New Zealand. 17 While the benefits of the supine sleeping position for infants are now clear, there is no consensus on where the infant should sleep in relation to the parents. The study of sudden unexpected deaths in infancy (part of the confidential inquiry into stillbirths and deaths in infancy: CESDI SUDI study) is the first to be conducted after the fall in the rate of cot death in the United Kingdom and was specifically designed to identify whether known risk factors had changed or new factors had emerged.
We investigated the risks associated with different sleeping environments and how factors relating to parenting practice, both routine and specific, affect the infant.
Methods
The methodological detail of the study and sociodemographic details have been fully described elsewhere 18 and the results from the first two years published. 19 Briefly, it was a large population based casecontrol study initially conducted in three former health regions (South West, Northern, and Yorkshire) for two years (February 1993 to January 1995) and expanded (Wessex and Northern regions) for a third year (April 1995 to March 1996 . The study aimed to include all cases of sudden unexpected deaths of infants aged 7 to 364 days from a total study population of 17.7 million. Data were collected on a questionnaire by research interviewers and from medical records. Bereaved families were visited within days of the death for a narrative account and again within two weeks to complete the questionnaire. Four controls for each case were selected. The health visitor for the infant who died was asked to identify two babies on her case list born in the two weeks before the index baby and two babies born in the two weeks after the index baby. In the few instances when the family identified was not available or declined to be interviewed or when the health visitor thought inclusion inappropriate-for example, because of recent bereavement-then the family with the baby next closest in age was substituted. The interviewer visited each control family within a week of the index death to collect the same data as for the index case. A period of sleep (the "reference sleep") was identified in the control infant's life in the 24 hours before the interview corresponding to the time of day during which the index baby had died. The questionnaire included a total of over 600 fields, including demographic and social data; the medical history of the infant and other family members; use of cigarettes, alcohol, and drugs; the precise sleeping arrangements for the infant; and full details of the events preceding and the circumstances surrounding the death (or relevant sleep).
Cause of death was established by a multidisciplinary committee after a full paediatric necropsy to a standard protocol was performed. All deaths were classified according to the Avon clinicopathological system. 18 
Statistical methods
Data that were not normally distributed were described by using medians and interquartile ranges. Odds ratios, 95% confidence intervals, and P values for the univariate and multivariate analysis were calculated, taking into account matching with conditional logistic regression by using the statistical package sas. 20 The age of the control infant was taken as the age at the reference sleep in the 24 hours before the interview. Because of the time lag to arrange four control interviews the control infants were on avereage about 10 days older than the index infants. The variable for infant age was therefore included in all univariate and multivariate analyses. Models were constructed with the backward stepwise procedure for variables significant at the 5% level in the univariate analysis. When the data were split for analysis (for example, younger and older infants) the four controls were partitioned, regardless of age, into the same subgroup as the corresponding index infant.
Results

Ascertainment
In the three year period there were 456 sudden unexpected deaths in infancy, of which 363 were classified as the sudden infant death syndrome. 18 Of these 363 families, 24 refused an interview and 14 were excluded from the analysis because of police involvement (suspected non-accidental injury), because they lived outside the study regions, or because they could not be traced. Each excluded control family (7.9%) was immediately replaced, yielding 325 cases and 1300 controls.
Where the infant slept: usual night time practice For all families the most common night time sleeping arrangement was that the infant slept in a cot in the parents' bedroom. Table 1 examines room sharing, solitary sleeping, and bed sharing in relation to social class. Infants who usually shared the parents' bed were at increased risk in this univariate analysis, regardless of the socioeconomic breakdown. The figure shows the same data, dividing infants into three age bands. The difference in the prevalence of bed sharing between infants who died and the control infants was greatest for those aged less than 60 days.
Where the infant slept: last or reference sleep Table 2 shows the infants' sleeping environment for the last or reference sleep. A greater proportion of index infants who usually slept in room separate from parents either alone or with other siblings; usual bed sharer: infants who usually shared parental bed for more than two nights/week. †Adjusted for infant age. ‡Socioeconomic classes based on highest occupational classification (I being highest, V being lowest) of parents and take previous occupation into account (thus unemployed classification comprises households that have never received waged income).
§For five infants who died and one control infant insufficient information on sleeping environment was collected to include them in analysis. ¶For two infants who died and three control infants socioeconomic class of family could not be accurately ascertained. 
Infants who died Control infants
Age of infant (days)
Usual night time sleeping environment by infant age. Numbers of infants: 7-60 days-88 index infants and 352 controls; 61-120 days -188 and 472; >120 days-113 and 452. Each age band represents third of whole dataset and nearest whole month in age infants slept in the same bed or in a separate room from their parents. This breakdown is different from the usual night time practice (table 1) , partly because of the broad definition of bed sharing and partly because some of the deaths and matched reference sleeps occurred during the day (54 (16.9%) deaths and 205 (15.8%) controls), when the routine was different.
Restriction of the analysis to night time deaths yielded virtually identical results to those detailed here. Table 3 shows a multicategorical variable that differentiates bed sharers into those infants who shared the bed but were put back in their own cot, those infants who shared the bed either for the whole sleep or were found in the parental bed at the end of the sleep, and those infants who slept on a sofa with a parent. The multivariate model is based on all factors significant in the univariate analysis.
There was no increased risk of death for infants who shared the bed but were put back in their own cot but a significant association with those infants who bed shared for the whole sleep or were taken to and found in the parental bed, infants who slept in a separate room from their parents, and infants who shared a sofa. The strengths of these associations increased dramatically in the multivariate model. Some factors in the multivariate model predominantly involved infants sleeping in a cot rather than the parental bed, such as infants being put down in the prone sleeping position (20.8% deaths in a cot v 2.5% deaths in a shared bed), placed on a pillow (11.6% v 1.2%), or infants being found with their heads covered (19.0% v 6.9%). Removal of these three variables halved the strength of the association with being found in a shared bed (multivariate odds ratio 4.62; 95% confidence interval 2.34 to 9.09). The proportion of index infants found in the prone position was three times higher among infants found in a cot compared with the parental bed (45.4% v 14.1%).
Of those infants found in the parental bed for the last or reference sleep, some parents brought their infants to bed for breast feeding (14.8% v 21.2% controls) or bottle feeding (14.8% v 7.4%); more of the index parents did so because they usually slept that way (44.4% v 31.2%) and more of the control parents because the baby would not settle (19.8% v 30.7%). Few parents had brought the infant into bed because the baby was unwell (1.2% v 3.7%), because the baby was cold (1.2% v 1.6%), or for a cuddle and extra time in bed (3.7% v 4.2%).
A similar proportion of these infants slept with just one parent in the bed (18.9% v 17.3%), almost always the mother. Most infants slept next to one parent (73.1% v 63.0%), but more control infants slept between parents (22.0% v 37.0%). Two index infants were found under a parent, one was found at the bottom of the bed, and one was found on the floor.
The infants who died in the parental bed (median (interquartile range) age 8 (4-13) weeks) were much younger than those who were found elsewhere (15 (10-23) weeks). When the data were split into younger and older infants by using the median age of all study infants (14 weeks 2 days), the risk associated with bed sharing for older infants found in the parental bed (odds ratio 1.08; 95% confidence interval 0.55 to 2.11) was almost unity but for the younger infants the associated risk was significant(4.65; 2.70 to 7.99).
The index infants who shared a sofa with a parent (median age 9 weeks; 6 to 15 weeks) were similar in age to those who died in the parental bed. Sofa sharing was as common with mothers as fathers. The narrative account suggests that for four deaths the infant was wedged between the parent and the back of the sofa, while for five the parent and infant lay at opposite ends, although we do not have data on the size of the sofa or the position of the adult's legs. Seven of the index parents had not intended to fall asleep on the sofa, but for nine this practice was not unusual. In five of these deaths the cosleeping parent had consumed up to 2 units of alcohol, and three had consumed much more than this. Table 4 examines the relation between parental smoking and infants found bed sharing. The proportion of index infants found dead in bed with parents who did not smoke was much lower than for control families who did not smoke (2.2% v 7.9% controls). The high prevalence of smoking among index parents (84.2%) was even higher among those parents whose infant was found in the parental bed at the end of the last or reference sleep (91.4%). Among index mothers who smoked, more of those whose infants shared the bed smoked more than 20 cigarettes a day (23.2% v 1.5% controls) compared with those who did not bed share (16.6% v 5.9%). The multivariate analysis suggests that there are some variables for which the risk is exclusively associated with the cot environment yet increase the significance of the risk associated with the bed sharing environment. Table 5 shows the more restricted model of factors that were predominantly associated with being found in the parental bed after the last or reference sleep. These included recent maternal alcohol consumption of more than 2 units (21.0% deaths in a shared bed v 8.6% deaths in a cot), infants covered by a duvet (61.0% v 31.9%), parental tiredness (54.6% v 20.3%), and sleeping environments in overcrowded conditions (8.5% v 2.5%). Individually each of these variables reduced the significance of the risk associated with bed sharing, and when all were put into a collective model, being found in a shared bed was no longer significant.
Associated risks
Discussion
Study findings
Our results show that infants sharing a sofa with an adult during sleep is associated with a particularly high and previously unrecognised risk of the sudden infant death syndrome. The apparent risk associated with infants sleeping in a separate room from the parents and sharing a bed for the whole or last part of sleep is less clear because of potential confounding. We found no increase in risk for older infants who share the parents' bed, infants of parents who do not smoke, or when the infant is returned to his or her cot. In the more restricted model, which incorporated factors for which there was an a priori expectation of their potential effects on the sleep environment, the independent significance of sharing the bed at the end of sleep disappeared. This result suggests that the risk of death may be associated with other potentially modifiable adverse conditions rather than the practice of bed sharing itself, although interpretation should be cautious given the prior expectation of this particular analysis.
The increased relative risk of death among infants who sleep in a separate room, regardless of infant age or risks associated with the cot environment, is consistent with the findings of the New Zealand study, 21 although for a third of both cases and controls, this was a day time practice and not necessarily the night time routine. Cosleeping in terms of room sharing increases the sensory exchanges possible between parent and infants, 22 but further research is required to investigate whether room sharing is protective in itself or merely a marker for hidden confounders not measured in this study.
Problems with interpretation
Our results highlight some of the methodological difficulties inherent in multivariate modelling. In the large multivariate model the infant who was found sharing the bed at the end of the sleep seemed to be an important risk factor. Within this model, however, it was difficult to quantify the strength of the risk given that the interaction of certain cofactors was based on the environment in which the infant slept; nor is it possible to generalise these multivariate findings to the whole population. Certain factors characteristic of infants found in the parental bed were systematically different from those where the infant was found in a cot: bed sharing infants were much younger, few were put down in the prone position, and few were found with their heads covered. Conversely these factors were reversed among infants who slept separately from their parents.
The high prevalence of smokers among the bed sharing parents of infants who died confirms the findings of Mitchell 21 and makes it impossible to derive precise estimates of the risk associated with bed sharing for families who do not smoke.
Informed evidence
The practices of sharing the bed and cosleeping are culturally diverse. For example, a baby sleeping at arm's length from the mother on a firm surface, as is often the case in Hong Kong, 23 or a Pacific Island baby sleeping on the bed rather than in the bed 21 is in a different environment from a baby sleeping in direct contact with the mother on a soft mattress and covered by a thick duvet. Previous observational studies have highlighted contributory factors such as parental alcohol consumption, parental fatigue, a lack of an alternative sleeping place, and the use of thick duvets [10] [11] [12] ; our data have extended these observations and given quantitative estimates of the relative risks for these factors.
Unlike cots, which are designed to meet safety standards for infants, adult beds are not so designed and may, at least in theory, carry a risk of accidental entrapment and suffocation. This and the conflicting evidence for harm or benefit from bed sharing shown in previous studies have generated strong professional beliefs about the appropriateness or otherwise of sharing a bed and cosleeping.
The debate on the safety, advantages, and disadvantages of bed sharing and cosleeping must be informed by evidence from epidemiology, physiology, and anthropology if it is to become more than the exchange of mere opinion. There has been little in the way of direct observational data until recently, but it is becoming clear that sharing a bed both for infants and mothers results in complex interactions that are completely different from isolated sleeping and that need to be understood in detail before application of simplistic labels such as "safe" or "unsafe." 24 25 Our results suggest that, as McKenna has argued, perhaps it is not bed sharing per se that is hazardous but rather the particular circumstances in which bed sharing occurs. That some of these circumstances may be modifiable has important implications in terms of social policy and health education.
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Competing interests: None declared. who smoked in pregnancy are at almost a fivefold increased risk of the sudden infant death syndrome compared with infants of non-smokers. 2 The effect of environmental exposure to tobacco smoke is less clear. A meta-analysis of studies in which the mother did not smoke but the father did found the risk was increased 1.4-fold compared with non-smoking parents.
2 Now that few infants sleep prone maternal smoking is the major risk factor. The challenge is to develop effective strategies to reduce smoking in pregnancy as simply telling mothers that their babies are at increased risk of the sudden infant death syndrome is ineffective at changing behaviour.
Thermal stress has been implicated and has led to the advice not to let baby get too hot. Recent work suggests that excessive clothing or bedding increases the risk only in infants who sleep prone. Infants are at increased risk of thermal stress when sleeping prone because the face, which is the most important skin surface for heat loss, is partially insulated by the mattress. 3 Thermal factors are no longer important as few babies sleep prone; head covering and rebreathing are alternative, more likely explanations for the finding of an increased risk for babies sleeping under heavy duvets.
Other prevention messages have been promoted but with less agreement. Breast feeding is thought to reduce the risk in New Zealand, but in the United Kingdom the association is attributed to socioeconomic confounding. Pacifiers (dummies) are associated with a reduced risk, and their use is promoted in the Netherlands, 4 whereas in other countries there is concern that their use might be associated with undesirable effects, such as reduction in breast feeding. 5 In this paper Blair et al have shown that infants who share a sofa with an adult were at particularly high risk of the sudden infant death syndrome, but it accounts for only 6% of all cases. There was no increased risk with bed sharing for infants of mothers who were non-smokers. Also there was no increased risk associated with bed sharing when the infant was placed back in his or her cot, but this ignores the fact that many parents unintentionally fall asleep with their baby in their bed. In contrast 23% of deaths in their study occurred among cosleeping infants of mothers who smoke. This confirms work from New Zealand, United States, Scotland, and Nordic countries. 1 It is time to recommend that mothers who smoke should not share a bed with their babies.
